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eDNA Biomonitoring in Galveston Bay

* Dr. Yasmina Shah Esmaeili - Invisible traces, big discoveries:

Using eDNA to map marine biodiversity (30 minutes)

* Jaelyn Rodriguez - The Gulf eDNA Network: a budding

collaborative for eDNA research in the Gulf (30 minutes)

* Dr. Guilherme Corte - Hidden Life on Texas Shores: Using eDNA to

Reveal Coastal Biodiversity (20 minutes)

* Panel discussion (10 minutes)
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Invisible traces, big discoveries:
Using eDNA to map marine biodiversity

Yasmina Shah Esmaeili
Visiting Researcher TAMUG
Postdoctoral Scientist UTMSI



Using eDNA to assess biodiversity
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What about everything you can’t see?

Photas: Frank Baensch
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§ Sensible to capture low abundance species

eDNA advantages
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§ Powerful to identify rare and endangered spec

§ Large scale monitoring
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Xie et al. 2018
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* Amplicon Sequencing Variants (ASVs): biological sequences in the sample prior to the introduction of amplification and sequencing errors.
**Operational Taxonomic Units (OTUs): clusters of reads that differ by less than a fixed sequence dissimilarity threshold, most commonly 3%.
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Feature table: count data of _ ,
ASVs* (or OTUs*) Network analysis, functional
diversity prediction, etc.

Esser et al. 2024
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reaction (PCR)
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* Amplicon Sequencing Variants (ASVs): biological sequences in the sample prior to the introduction of amplification and sequencing errors.
**Operational Taxonomic Units (OTUs): clusters of reads that differ by less than a fixed sequence dissimilarity threshold, most commonly 3%. Esser et al. 202 4
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»

Microbial
cells

Metabolic
waste

Environmental DNA metabarcoding

Skin and
scales

12S rDNA
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MiFish _
.’ V ) ‘
col \ S

—————
Leray/Folmer ’

18S rDNA

 ESS—
Earth Microbiome

16S rDNA

—_—

\ Earth Microbiome

Chavez et al. 2021
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Sequencing & Bioinformatics
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Read 1 TGTCGAGTGACTACTAGCTTAGCT...
Read 2 TGTCGAGTGACTGATAGATAGCTT..
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Bioinformatics l

Sample 1 | Sample 2| Sample 3
ASV1 143 281 302
ASV2 78 101 67
ASV 3 0 28 0

Feature table: count data of
ASVs* (or OTUs*)

* Amplicon Sequencing Variants (ASVs): biological sequences in the sample prior to the introduction of amplification and sequencing errors.
**Operational Taxonomic Units (OTUs): clusters of reads that differ by less than a fixed sequence dissimilarity threshold, most commonly 3%. Esser et al. 202 4




A reference database is like a dictionary of
known DNA sequences linked to known
species

Species Barcode

No match # no species
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Network analysis, functional
diversity prediction, etc.

* Amplicon Sequencing Variants (ASVs): biological sequences in the sample prior to the introduction of amplification and sequencing errors.
**Operational Taxonomic Units (OTUs): clusters of reads that differ by less than a fixed sequence dissimilarity threshold, most commonly 3%. Esser et al. 202 4




Applications of ex ntal ] (eDNA)
1n the environment

DETECT ENVIRONMENTAL
<— CHANGE

MEASURE POLLINATOR

BEES MEASURE VALUE TO AGRICULTURE
PLANT BIODIVERSITY
IMPACTS OF

__ INDUSTRY

& <— BIOMONITORING
(B‘. AND BIOSECURITY

/[\

TOXIC ALGAL
BLOOMS

S RAPIDLY MEASURE
DETECT RARE * BIODIVERSITY

ACCESS DIFFICULT SPECIES

ENVIRONMENTS
DIET AND FOOD WEB

DETECT INVASIVE SPECIES

DANGEROUS SPECIES OR ENVIRONMENTS Berry et al. 2021



Search for biodiversity in a place

DECISION MAKERS

EVERYDAY CITIZEN

Berry et al. 2021



NATIONAL AQUATIC ENVIRONMENTAL
DNA STRATEGY



DNA Sequencing Market Market Size in 2024

O SRS SO0 USD 14.88 billion

17.62%

CAGR (2023-2033)
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Market Size in 2033
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THERE IS ALWAYS SOMEONE
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What are the limitations of eDNA?



What are the limitations of eDNA?
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Detection # Abundance

PCR stochastic/bias

Different shedding

rates

* eDNA stability vs
degradation
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some groups

Erroneous sequences

Low representation of
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Sampling in the field DNA extraction
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DNA amplification
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Sequencing via NGS
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Xie et al. 2018
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THANK YOU!

A'Fw TEXAS A&M

UNIVERSITY

GALVESTON CAMPUS.
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Texas Higher

Education
yshahesmaeili@tamu.edu COORDINATING BOARD
yshah@utexas.edu
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JAELYN RODRIGUEZ
Texas A&M University at Galveston
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- The Gulf eDNA Network was founded
.~ by a collaborative group of early to
- mid-career scientists at Texas A&M
_ University at Galveston and the
. University of Texas Marine Science

Institute in Port Aransas.
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4 COUNTRIES

11 STATES

55 UNIVERSITIES
or ORGANIZATIONS
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— Retrieve information from onlme‘;ﬂvc’robases .
— Organize classification and source informafion L

[ ] conduct Gap Analysis

- Identify underrepresented groups in databases fo
identify priorities for sequencing |
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Species

Global Biodiversity
Information Facility

Compile Species List
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Total Number of Species per Phylum ‘ N[MA UA

Data from GoM species list

rthropoda 10,766

..f Mollusca

Chordata
Annelida
Cnidaria

Platyhelminthes
Echinodermata
Porifera
Bryozoa
Nematoda

most prevalent phyla

In animalia, in our gulf list

Brachiopoda 135
.. Fotl s . Arthropoda 10,766 species
Ctenophora 124 Mollusca 4,449 species
Chordata 4,439 species
Annelida 1643 species
Cnidaria 1,110 species

4,449
4,439

N—l

Kinorhyncha 121
Gnathostomulida 119
Sipuncula [16
Tardigrada (16
Dicyemida 7
Hemichordata 7
Phoronida 4
Entoprocta 3
3
1
1

oA w

Xenacoelomorpha
Loricifera

o Priapulida
0 3,000 6,000 9,000
Total number of species

Compile Species List
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Gap Analysis
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Gap Analysis

that have no entries in GenBonk

Atlantic Calico Scallop White Eye Sec Spray
Argopecten gibbus Thesea nivea

oW, le]e ~Cl e
2498 occurrences 2,236 occurrences

S

Atlantic Giant Cockle Clown oby

Dinocardium robustum Microgobius gulosus
1,901 occurrenc 1,897 occurrences
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- 53, 25
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Gap Analysis

-

- o

Just the Beginning!
Continuing Gap Analysis

Including further markers and tfarget groups

Creating a Regional
Reference Library

25
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Join a growing network

of eDNA researchers
Form new partnerships across
labs, institutions, and regions

streamline research with
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Hidden life on Texas shores: using
eDNA to reveal coastal biodiversity

Dr. Guilherme Corte

Texas A&M University at Galveston



WHAT IS THE MOST
WIDESPREAD COASTAL
ECOSYSTEM IN THE WORLD?







Sandy beaches make up about 1/3 of the world’s ice-free coastlines
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Figure 1. Global distribution of sandy shorelines.
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WHICH COASTAL ECOSYSTEM
IS MOST USED BY HUMANS?




SANDY BEACHES
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2.3. Ecosystem services and sensitive features

Sandy shores provide a wide range of ecosystem services, many
of which are essential to support human uses of sandy coasts. The
most important ecosystem services include: (1) sediment storage
and transport; (2) wave dissipation and associated buffering
against extreme events (storms, tsunamis); (3) dynamic response
to sea-level rise (within limits); (4) breakdown of organic materials
and pollutants; (5) water filtration and purification; (6) nutrient
mineralisation and recycling; (7) water storage in dune aquifers
and groundwater discharge through beaches; (8) maintenance of
biodiversity and genetic resources; (9) nursery areas for juvenile
fishes; (10) nesting sites for turtles and shorebirds, and rookeries
for pinnipeds; (11) prey resources for birds and terrestrial wildlife;
(12) scenic vistas and recreational opportunities; (13) bait and food
organisms; and (14) functional links between terrestrial and
marine environments in the coastal zone.

Defeo et al. (2009) Est. Coast. Shelf Sci.



The economic value of America’s beaches

“There are about 3.4 billion visits to U.S. beaches
annually. This is an enormous number of visits —
more than 225% times greater than the combined
annual attendance at all National Park properties
from the Washington Monument to the Grand
Canyon; state parks; all amusement-park
attractions such as Disney World; all professional
and collegiate football, basketball, and baseball

: _ James R. Houston
gameS, Cruises, and eve ntS Of the Natlonal U.S. Army Engineer Research and Development Center

Association for Stock Car Auto Racing.”

Shore & Beach B Vol. 92, No. 2 B Spring 2024



The economic value of America’s beaches

“Beach tourists spend $240
billion annually, more than the

value of all crops grown in
America or oil exported by Saudi

Arabia. They generate an

James R. Houston

e CO n O m i C O Utp Ut Of $ 52 O b i | I i O n - ’ U.S. Army Engineer Research and Development Center

Shore & Beach B Vol. 92, No. 2 B Spring 2024
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WHICH COASTAL ECOSYSTEM
IS THE LEAST STUDIED?




T

SANDY BEACHES




UNDERSTUDIED ECOSYSTEMS

Number of papers indexed by
the WoS published until 2014:

 Sandybeaches =2,936

Number of publications * Mangroves=11,149
11-100 [0 201-300 [ 401 -500 [ e01-700 [l eo1-900 | ° Coralreefs =20,065
101-200 [ 301-400 [ 501 -600 [ 701 - 800 * Estuaries = 36,358

Fig. 5. Distribution of field-based studies on sandy beaches by continent, with darker shades indicating a greater number of studies.

Nel et al. (2014) Est Coast Shelf Sci
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Fig. 1. The annual number of scientific articles mentioning sandy beaches registered in Scopus from
2009 to 2019. The number of publications related to other intertidal environments is also shown.

Lercari (2023) Est Coast Shelf Sci



WHY ARE SANDY BEACH
ECOSYSTEMS OVERLOOKED? ;




Why are sandy beach ecosystems
overlooked?

1. They are often perceived as
biological deserts.

2. They are difficult to study.




DESERTS?







Charadrius melodus (Piping plover)

\l.
[
i







Donax hanleyanus

Scolelepis squamata

Ocypode sp.

Emerita brasiliensis

Melitta quinquiesperforata Source: Cifonauta



1 - Ccypode quodrota

2 - Attantorchestoided brasiiensis -

3 - Scoloplos (Leodamas) sp.
4 - Laeonerels culver
5 - lepidopa richmonal
6 - Copitello spp.
7 - Scolelepis spp.
& - Callichirus major
9 - Qlivella minuta
10 - Armandia agilis
11 - Marphysa sebastions
12 - Diepatro cuprea (Complexal
13 - Telling sp.
14 - Emerita brosiliensis
15 - Exciroiana braziliensis
16 - Hastula cinereda
17 - Donax hanleyanis
18 - Mellita gquinguiesperforata
19 - Astrapecten hrosiliensis

supralitoral

mediolitoral

sublitoral

Corte and Amaral (2018) Brazilian Sandy Beaches
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8766 individuals

64 species

Macrobenthos
5017 individuals
172 species




BENTHIC ECOLOGY LAB
Texas A&M at Galveston
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DESERTS?

Polychae
Crustacea
Mollusca
Insecta
Total




Why are sandy beach ecosystems
overlooked?

T—hoyero-ottonporechindas
hiologicald o
2. They are difficult to study.
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PHYSICALLY DEMANDING TO STUDY







REQUIRES SPECIALIZED TAXONOMIC EXPERTISE










HOW CAN THESE CHAL
BE MINIMIZED?
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BUT DOES eDNA
WORK?




Seine net Surf-BRUVs

64 species

Shah Esmaeili et al. (2022) Mar. Ecol. Progr. Ser.; Shah Esmaeili et al. (2023) Divers. Distrib.



Fishes:

159 species

141 using 12S
52 using COl

34 both markers
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ECOSSYSTEM
PROCESSES




BEACH NOURISHMENT




Texas A&M Expert: Storms Worsening State’s Beach Erosion Problem

Recent numerous storms and hurricanes have eaten away much of the state’s 367-mile coastline

Oct 27, 2020 | By Keith Randall, Texas A&M University Division of Marketing and Communications

An estimated 64 percent of the Texas coast is eroding at an average rate of six feet per year. Texas A&M Stories
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GULF COAST

Massive restoration project closes popular
Gulf Coast beach for months

Imagine enough sand to fill one-eighth of New Orleans' Superdome

Bulldozers work on a previous beach restoration project along Galveston's West End, near Dellanera RV Park, in December 2014.

James Nielsen/Houston Chronicle/Getty Images

By Chris Gray, Gulf Coast Reporter Oct 7, 2025
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Sandy beach social-ecological systems at risk:
regime shifts, collapses, and governance
challenges

“Pressures will increase the likelihood of social-ecological
collapses and regime shifts, such that beaches will sustain
neither the original ecosystem function nor the related services
and societal goods and benefits that they provide.”



Sandy beach social-ecological systems at risk:
regime shifts, collapses, and governance
challenges

“Pressures will increase the likelihood of social-ecological collapses and
regime shifts, such that beaches will sustain neither the original
ecosystem function nor the related services and societal goods and
benefits that they provide (...)

Most people want a beach, but few recognize it as an
ecosystem at risk.”

Defeo et al. (2021) Front. Ecol. Evol.
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TEXAS A&M UNIVERSITY
GALVESTON CAMPUS.

Dr. Guilherme Corte

Benthic Ecology Lab
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